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Abstract
 .  .A cDNA encoding a mouse B bradykinin BK receptor was stably transfected in Chinese hamster ovary CHO cells.2
In two resulting transformants, mouse B BK receptor was found to induce a twofold elevation in the inositol-1,4,5-tris-2
phosphate level. In a pertussis toxin-insensitive manner, BK also produced a biphasic increase in the intracellular Ca2q
w 2qx . w 2qx 2qconcentration Ca . The initial elevation in Ca was abolished by thapsigargin pretreatment in Ca -free medium.i i
The second phase was dependent on external Ca2q. The BKrinositol trisphosphate- and thapsigargin-sensitive Ca2q stores
required extracellular Ca2q for refilling. Ca2q influx induced by BK and thapsigargin was confirmed by Mn2q entry
through Ca2q influx pathways producing Mn2q quenching. Genistein, a tyrosine kinase inhibitor, partially decreased the
w 2qx 2qBK-induced Ca increase during the sustained phase and the rate of Mn entry. BK had essentially no effect on thei
intracellular cyclic AMP level. The results suggest that the mouse B BK receptor couples to phospholipase C in CHO cells2
w 2qx 2qand that its activation results in biphasic Ca increases, by mobilization of intracellular Ca and store-depletion-media-i
ted Ca2q influx, the latter of which is tyrosine phosphorylation-dependent.
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1. Introduction
 .Bradykinin BK is a nonapeptide which has a
wide range of biological actions, including venous
dilatation, smooth muscle contraction or relaxation,
w xnociception and modulation of neuronal activity 1–3 .
These actions are mediated through activation of
specific receptors which have been classified into at
least B and B subtypes, as well as putative B and1 2 3
) Corresponding author. Fax: q81 762 344236.
w xB subtypes 4 . Most responses are elicited through4
B receptors which are distributed in many tissues. A2
cDNA encoding the B BK receptor was first cloned2
w xfrom rat uterus 5 , and subsequently from human
w xtissues 6,7 . Genomic clones encoding the B BK2
w xreceptor have been obtained as well 7–9 . We have
also cloned two B receptors originating from mouse2
and rat, from mouse neuroblastoma = rat glioma
w xhybrid NG108-15 cells 10 . The predicted amino
acid sequence of the B BK receptor revealed that2
the B receptor is a member of the G protein-coupled2
receptor superfamily with seven-transmembrane re-
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w x gions 10 . The B BK receptor gene BDKRB2 or2
. w xBdkrb2 maps to human chromosome 14 11 and
w xmouse chromosome 12 12 . Recently, it has been
shown that the transgenic mouse with the B receptor2
disrupted grows normally but lacks uterine contrac-
tion and membrane depolarization of superior cervi-
w xcal ganglion neurons challenged by BK 13 .
These cloned B receptors, when transiently ex-2
pressed in COS cells, have been shown to be the
smooth muscle subtype by ligand binding experi-
w xments 6,7,9,10 . Stimulation with BK of Xenopus
oocytes injected with cRNAs synthesized from B2
cDNAs results in Ca2q-dependent Cly current oscil-
w xlations 5,7,10 , due to coupling to phospholipase C
 .  .PLC . Formation of inositol trisphosphate InsP3
w x w x14 , arachidonic acid release 9 and subsequent
w xprostaglandin E formation 15 are increased by2
activation of the cloned B receptors. Chinese ham-2
 .ster ovary CHO or fibroblast cells transformed to
express B receptors show a BK-induced elevation in2
2q w 2qx .an intracellular free Ca concentration Ca i
w x w 2qx8,15 . However, whether the elevation of Ca , ai
crucial process in BK action in native tissues, is due
to release from the internal stores andror Ca2q in-
flux has not been examined in the transfected cells.
In this study, mouse B BK receptor cDNA was2
transfected into CHO cells and two clonal cell lines
stably expressing B receptors were established. B2 2
receptor-specific signal transduction systems were
analyzed by measuring inositol-1,4,5-trisphosphate
  . .Ins 1,4,5 P concentrations using a 1,4,5 isomer3
w 2qx 2qspecific assay system. Increases in Ca and Cai
influx evoked by BK were measured in cells loaded
with the Ca2q-sensitive dye, fura-2 AM. Furthermore,
the amount of intracellular cyclic AMP in trans-
formed CHO cells was determined. These data were
compared with those for NG108-15 cells, from which
B cDNA was cloned, to characterize B receptor2 2
function. We demonstrate an involvement of protein
tyrosine phosphorylation in Ca2q homeostasis in these
w xcells, using a tyrosine kinase inhibitor, genistein 16 .
2. Methods
2.1. Cell culture and transfection
 y.CHO dhfr cells were cultured in a-MEM sup-
plemented with 10% fetal calf serum at 378C in a
humidified atmosphere in 10% CO -90% air. A re-2
combinant plasmid carrying the mouse BK receptor
w xcDNA, pSPMBR 10 , was cleaved with SmaI, lig-
ated to the HindIII linker dCAAGCTTG and cleaved
 .with HindIII. The resulting 1.6 kilobase kb frag-
ment was cloned into the HindIII site of pRcrCMV
 .Invitrogen, San Diego, CA to yield the expression
plasmid pRcMB2. CHO cells were transfected with
30 mg of pRcMB2 using lipofectin Gibco-BRL,
.Gaithersburg, MD . Clonal transfected cells express-
ing the B receptor were selected in a-MEM with2
 .600 mgrml geneticin G418 . After 10–12 days of
selection, the individual colonies were isolated and
tested for B receptor expression.2
2.2. RNA blot hybridization analysis
Total cellular RNA was extracted from the trans-
formed cells and parental CHO cells, as described
w xpreviously 10 . 15 mg of total RNA was separated
on a 1.1% agarose-2.2 M formaldehyde gel and
transferred onto a Zetaprobe nylon membrane Bio-
.Rad, Hercules, CA . Hybridization was performed at
428C in a solution whose recipe was reported previ-
w xously 10 . The probe used was the 1.7-kb
BamHIrEcoRI fragment from pSPMBR labeled by
the random primer method. The filter was washed at
508C in 0.1=SSC. Autoradiography was carried out
at y808C with an intensifying screen for 3 days.
2.3. Radiobinding assay of bradykinin and
( )Ins 1,4,5 P3
w 3 x Binding of H BK specific activity: 102
.Cirmmol; New England Nuclear, Boston, MA to
cell membranes of control and transformed CHO
w xcells was performed as previously described 10 .
 .Determination of Ins 1,4,5 P in control and trans-3
formed CHO cells was performed using
w3 x  . H Ins 1,4,5 P assay kits Amersham, Bucking-3
. w xhamshire, UK , as previously described 17 .
[ 2q] 2q2.4. Measurement of Ca and Mn entryi
Cells grown on glass cover slips for 2–3 days
were incubated for 45–60 min at 378C with 4 mM
fura-2 AM dissolved in Hepes-a-MEM or Hepes-
 .buffered physiological saline solution HPSS whose
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 .composition was in mM : NaCl, 116; KCl, 5.4;
MgCl , 1; CaCl , 2; glucose, 10; and Hepes, 20, pH2 2
7.4. The coverslips carrying these pre-treated CHO
cells were mounted on an inverted fluorescence mi-
croscope at 248C. A fluorescence image was obtained
through an epifluorescence objective and a silicon-in-
tensified-target video camera model 2400-08, Hama-
.matsu Photonics, Hamamatsu, Japan under alternat-
w xing excitation wavelengths of 340 and 380 nm 18 .
Images collected from 10–20 cells were stored on
optical discs and analyzed using a digital image
 .processor Argus-50rCA, Hamamatsu Photonics .
The acquisition rate was usually 0.2 Hz. Conversion
w 2qxfrom the ratio to the absolute value of Ca wasi
made by a microdroplet assay as previously described
w x19 . In most experiments, stimulation or inhibition
was achieved by adding a 10-fold concentrated solu-
tion of BK, thapsigargin, LaCl and nitrendipine to3
the recording medium without perfusion. Ca2q-free
solutions were prepared by omitting CaCl from the2
medium. In some experiments, the coverslip chamber
was superfused at a rate of about 2 mlrmin, with
Hanks’ balanced salt solution, whose composition
 .was in mM : NaCl, 137; KCl, 5.0; KH PO , 0.4;2 4
Na HPO , 0.6; MgCl , 0.5; NaHCO , 3.0; MgSO ,2 4 2 3 4
0.4; CaCl , 1.3; glucose, 5.6; and Hepes, 20, pH 7.4.2
Fura-2-loaded cells were prepared as described
above. Fluorescence intensity was measured using an
excitation wavelength of 360 nm and an emission
wavelength of 510 nm, as described previously
w x 2q18,20 . Ca entry was estimated from the rate of
decrease in fluorescence after adding usually 200
 2q .mM MnCl Mn quenching .2
2.5. Measurement of cyclic AMP le˝els
Intracellular cyclic AMP concentrations were mea-
sured in cells grown in 35-mm dishes. The cells were
grown to 70% confluency prior to use. Each plate
was washed three times with 2 ml portion of PBS.
a-MEM containing 0.5 mM 3-isobutyl-1-methyl-
 .xanthine IBMX was then added to each plate and
cells were equilibrated for 10 min at 378C. Reactions
were initiated by incubating with 100 nM BK andror
10 mM forskolin at 378C for 10 min. The medium
was then removed by aspiration and 0.5 ml of cold
5% trichloroacetic acid was added to terminate reac-
tions and to extract cyclic AMP. The amount of
w3 xcyclic AMP was determined using a H cyclic AMP
 .assay kit Amersham .
3. Results
3.1. Selection by functional assay and RNA blot
analysis of clonal cell lines expressing the B2
bradykinin receptor
Expression of BK receptors in several G418-re-
sistant CHO transformants was screened by measur-
w 2qxing BK-induced Ca increment in individual cellsi
loaded with the Ca2q-sensitive dye, fura-2 AM. Ap-
plication of 500 nM BK resulted in elevation of
w 2qxCa in all six cell lines tested ranging from 360 toi
402% of the pre-stimulating control level. From these
experiments, two cell lines designated as CHOMB2-5
and CHOMB2-8 were selected. Untransfected CHO
cells and cells transfected with the insert-free vector
 . w 2qxCHO-mock showed no Ca increase in responsei
to the same dose of BK.
We next performed RNA blot hybridization analy-
sis using the mouse B BK receptor-specific probe.2
The 2.5 kb RNA species, which was expected from
the expression construct, was detectable in both
CHOMB2-5 and CHOMB2-8 cells, but not in parental
 .or mock-transfected CHO cells data not shown .
[3 ]3.2. H Bradykinin binding sites and bradykinin-in-
( )duced Ins 1,4,5 P formation in transfected CHO3
cells
Saturation experiments were performed to detect
w3 xspecific H BK binding to the cell membranes of the
two selected cell lines. Calculation of the Hill coeffi-
cient indicated a single population of saturable bind-
ing sites 0.92 for CHOMB2-5 cells and 0.98 for
. w3 xCHOMB2-8 cells . Saturation curves of the H BK
specific binding to CHOMB2-5 and CHOMB2-8 cell
membranes showed a K value of 930 and 690 pMd
 .  .ns3 , respectively data not shown . These values
 .are in the same range as the K value 570 pM ford
the mouse B BK receptor transiently expressed in2
w xCOS-7 cells 10 . The level of stably expressed B2
 4receptors was 19.5 pmolrmg protein 6.3 P 10
.sitesrcell for CHOMB2-5 cells and 11.0 pmolrmg
 4 .protein 3.5P10 sitesrcell for CHOMB2-8 cells.
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Fig. 1. Microfluorometrical recording from fura-2-loaded
w 2q xCHOMB2-5 cells to measure the BK-induced increase in Ca .i
A, After removing growth medium, CHOMB2-5 cells grown on
coverglasses were treated with fura-2 AM. Washing out excess
 .fura-2 AM, the cells were incubated with HPSS solid line or
2q  .Ca -free HPSS dashed line . Changes in fluorescence intensity
at the excitation wavelength of 340 and 380 nm were measured
in response to 50 ml of 10 mM BK applied to 450 ml recording
medium, giving the final equilibrium concentration of 1 mM.
w 2q xCa changes calculated from the ratio of 340r380 nm arei
shown in molar units. The two traces shown are representative of
at least 5 individual cells in each case. B, Average peak value of
w 2q xCa in response to various concentrations of BK ini
CHOMB2-5 cells incubated with Ca2q-containing solution
 .HPSS . Values are the percentage of the basal level before BK
application in 5–10 cells. Bars, S.E.M.
Control membranes prepared from untransfected and
mock-transfected CHO cells did not contain any spe-
cific BK binding sites.
 .The formation of Ins 1,4,5 P , which is one of the3
primary products of phosphatidylinositol-4,5-bisphos-
 .phate PIP hydrolysis by PLC, was measured by2
radiobinding assay in the transformed cells. The rest-
 . 6ing level of Ins 1,4,5 P was 19.1"1.3 pmolr103
 .CHOMB2-5 cells mean"S.E.M., ns5 and 21.2
6  ."1.8 pmolr10 CHOMB2-8 cells ns4 , respec-
w xtively. As observed in parental NG108-15 cells 17 ,
the level was increased immediately by 1 mM BK on
both CHOMB2-5 cells and CHOMB2-8 cells. The
peak levels reached were 38.1 " 2.8 pmolr106
 . 6CHOMB2-5 cells ns5 and 40.6"4.6 pmolr10
 .CHOMB2-8 cells ns4 , at 10 s after application of
1 mM BK. The level showed a rapid initial decrease,
followed by a much more gradual decay, with a low
but significant increase over baseline for 30–60 s
 .after BK P-0.05 . The extent of elevation of InsP3
 .was similar to that 2.0–2.6-fold increase in CHO-K1
or COS cells transformed to express human or rat B2
w xBK receptors 8,14 . In parental CHO and CHO-mock
 .cells, the level of Ins 1,4,5 P 10 s after application3
 .of 1 mM BK was 102"12% ns4 and 109"14%
w 2q x w 2q xFig. 2. Effects of Ca on Ca increases in response too i
repetitive applications of BK in three fura-2-loaded CHOMB2-5
cells. Cells were perfused with Ca2q-free Hanks’ balanced salt
solution 1–2 min before each recording. 30 nM BK in Ca2q-free
solution was superfused twice for 1 min during the periods
 .  .indicated by closed bars BK with intervals of 20 min A and C
 .or 5 min B . Between BK applications, the cells in B and C were
superfused with solution containing 1.3 mM Ca2q during the
 .time indicated by open bars Ca .
( )M. Taketo et al.rBiochimica et Biophysica Acta 1355 1997 89–98 93
 . ns4 of the prestimulation level 18.7"1.5 and
6 .17.9"2.2 pmolr10 cells , respectively.
[ 2q]3.3. Bradykinin-induced Ca ele˝ation in trans-i
formed cells
To show that the stimulation of PIP hydrolysis2
results in increased intracellular Ca2q mobilization,
w 2qxwe analyzed BK-triggered changes in Ca morei
precisely in CHOMB2-5 cells. The addition of 1 mM
w 2qxBK evoked a rapid and marked increase in Ca ,i
 .which reached a peak value of 642"111 nM ns5
from a basal level of 118"16 nM in a Ca2q-contain-
 . w 2qxing medium Fig. 1A . The Ca elevation wasi
observed at as low as 0.1 nM BK, and increased
dose-dependently in both magnitude and duration in
 .CHOMB2-5 cells Fig. 1B . The maximal BK-in-
w 2qxduced increase in Ca was obtained at 100 nMi
BK. The ED was around 0.3 nM which is one or50
more order of magnitude lower than the values 31
. w xnM and 16 nM for PIP breakdown 21 and for the2
w 2qx w x w 2qxCa increase 22 in NG108-15 cells. The Cai i
elevation produced by 1 mM BK 371"32% of the
.prestimulation level, n s 10 in pertussis toxin
 . PTx -pretreated CHOMB2-5 cells 100 ngrml for
.12 h was not significantly different from that in
 .untreated cells 401"29%, ns7 , indicating that Gi
or G is not apparently involved in the B BK0 2
receptor-inositol phosphates pathway in the trans-
fected CHO cells.
We next examined to what extent extracellular
2q w 2qxCa contributes to the BK-induced Ca eleva-i
tion. When 1 mM BK was applied in Ca2q-free
w 2qxbuffer, the initial rapid increase in Ca was ob-i
served with an average amplitude of 449"32 nM
 .  .ns6 in CHOMB2-5 cells Fig. 1A . However, the
w 2qxprolonged phase of elevated Ca disappeared andi
w 2qxCa fell rapidly to the basal level. The resultsi
indicate that activation of BK receptors elevates
w 2qxCa through mobilization from the intracellulari
Ca2q pool in the initial component, and through
Ca2q entry from the extracellular medium during the
sustained component, as shown in parental NG108-15
w xcells 19 .
w 2qxThe source of Ca elevation was examinedi
further. First, as a control experiment, when
CHOMB2-5 cells were superfused with Ca2q-con-
 .taining buffer, applications of BK 30 nM for 1 min
w 2qxat 20-min intervals elicited Ca transients of re-i
w 2qxproducible amplitude. The net Ca increase wasi
 .197"9.7 nM for the first stimulation ns4 from
w 2qxthe basal Ca level of 53.3"1.2 nM. The secondi
w 2qx 2q 2qFig. 3. Effect of thapsigargin on BK-induced increases in Ca and on Ca influx induced by restoring Ca in recording medium ini
three fura-2-loaded CHOMB2-5 cells. A, One cell was incubated with Ca2q-free HPSS 1 min before recording. 50 ml of 10 mM
 .  .thapsigargin final concentration, 1 mM was applied to the cell at the time indicated by arrow TG . 15 min after thapsigargin, 50 ml of
 .  . 2q10 mM BK final concentration, 1 mM was applied at the arrow BK . B, 50 ml of 10 mM thapsigargin in Ca -free HPSS was applied
 . 2q 2qto two cells at the time indicated by arrow TG . 18 min later Ca was reintroduced in Ca -free HPSS by adding 62 ml of 20 mM
2q  . 3q  .  .Ca indicated by arrowhead Ca . 56 ml of 1 mM La solid line; final concentration, 100 mM or buffer dashed line was added at
 .the time indicated by open arrow "La .
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response was 85"5.2% of the first, indicating that
the receptor was slightly but insignificantly desensi-
tized 20 min after a 1-min exposure to 30 nM BK,
w xcompared with 92% in NG108-15 cells 22 .
Repeating the experiment in Ca2q-free medium, a
w 2qx very transient Ca increase 194"9.6 nM fromi
.the basal level of 96.8"9.6 nM, ns4 was ob-
served in response to the first 30 nM BK, which was
not significantly different from responses elicited in
the presence of Ca2q. The second stimulation with 30
nM BK 20 min after washing out of the first BK by
continuous perfusion with Ca2q-free solution elicited
a small response with an average value of 11.3"
 .  .6.7% ns4 of the first Fig. 2A . This lack of
response to the second BK exposure is presumably
due to an inability of the InsP -sensitive store to3
reaccumulate Ca2q following release during the first
BK application.
To assess the rate of refilling, the time during
which the cell was exposed to external Ca2q between
 .two BK applications was varied Fig. 2B and C . The
larger recovery in the second BK response was ob-
tained by longer exposure to Ca2q-containing
medium. The ratio of peak 2rpeak 1 was 48"4.3%
 .for 4 min exposure ns3 and 81"3.8% for 20 min
 . 2qns4 . Since BK depletes the store of Ca during
each exposure, the second response served as an
indicator of the degree of refilling. According to the
 .percentage of refilling peak 2rpeak 1 , the store was
refilled to one-half of its capacity in )4 min.
3.4. Effects of channel blockers on Ca2q store deple-
[ 2q]tion-induced Ca increasesi
Thapsigargin is an inhibitor of the endoplasmic
2q  .reticulum Ca pump and depletes Ins 1,4,5 P -sensi-3
2q w x 2qtive Ca stores 23 . In Ca -free medium, 1 mM
thapsigargin caused a slowly developing and long-
w 2qxlasting Ca rise with an average value of 522"26i
 .  .nM ns7 in CHOMB2-5 cells Fig. 3A . At vari-
ous times following the thapsigargin application, a
 . w 2qxBK 1 mM challenge reduced Ca elevations.i
After 15 min, BK completely failed to induce a
w 2qx  .Ca elevation Fig. 3A , suggesting that BK re-i
2q  .leases Ca from the thapsigargin- and Ins 1,4,5 P -3
sensitive Ca2q pools.
We next addressed the question of whether store-
depletion-activated Ca2q influx is induced after BK
w 2q xFig. 4. Effect of LaCl and nitrendipine on Ca increases3 i
induced by reintroducing Ca2q in the extracellular solution in
four fura-2-loaded CHOMB2-5 cells. Cells were incubated with
Ca2q-free HPSS for 2 min before each recording. 3 min later
Ca2q was reintroduced in the recording medium by adding 56 or
2q  .62 ml of 20 mM Ca final concentration of 2 mM as
2q indicated by the arrowheads. 50 ml of Ca -free HPSS with B,
.  .C and D or without A 10 mM BK was applied at the time
 . 2qindicated by arrows B, C and D . Before Ca application, 56
3q  .ml of 1 mM La final concentration, 100 mM; C or of 100
 .mM nitrendipine final concentration, 10 mM; D was added at
the time indicated by open arrows.
receptor stimulation in CHOMB2-5 cells. Cells were
continuously incubated with Ca2q-free solution start-
ing from 1–2 min before the initial application of
 .  .thapsigargin Fig. 3B or BK Fig. 4B . Readdition of
Ca2q after 3 or 18 min in the extracellular medium
w 2qxinduced a substantial Ca increase. Simplei
2q w 2qx restoration of Ca evoked no Ca increase Fig.i
. 2q4A , suggesting that Ca influx occurs through an
entry pathway activated via depletion of Ca2q stores.
This Ca2q influx showed a differential sensitivity to
2q w 2qxtwo Ca channel blockers. Ca increases of onlyi
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 .104–110% ns5 of the prestimulation level were
observed following pretreatment with 100 mM LaCl3
 . 2qFig. 4C . On the other hand, the Ca -reintroduc-
w 2qx  .tion-induced Ca increase was 316"45% ns7i
 .in 10 mM nitrendipine-pretreated cells Fig. 4D .
3.5. Bradykinin-induced Ca2q influx measured as
Mn2q quenching
Ca2q influx was studied by quenching with Mn2q
of fura-2 fluorescence at the excitation wavelength of
360 nm, which is insensitive to Ca2q concentration.
When 1 mM BK was applied 60 s after addition of
200 mM MnCl , the fluorescence intensity showed a2
marked decrease at a constant rate in CHOMB2-5
 .cells Fig. 5A , while MnCl alone had no effect2
 . 2qFig. 5F . BK-induced Mn quenching was com-
pletely abolished soon after addition of 100 mM
 .  .LaCl Fig. 5B or 100 mM NiCl Fig. 5C . The3 2
effect of thapsigargin on Mn2q quenching was exam-
ined under similar experimental conditions. Applica-
tion of 1 mM thapsigargin induced a fluorescence
 .decrease Fig. 5D , which was blocked by 100 mM
 . 2qLaCl Fig. 5E . However, the rate of Mn quench-3
q  . ing was not affected by high K 50 mM data not
. 2qshown . These results suggest that Mn influx oc-
curs through a La3q- andror Ni2q-sensitive Ca2q
entry pathway that is not gated by depolarization.
Mn2q quenching was dependent upon the concen-
tration of MnCl used and was partially suppressed2
2q when Ca was added in the recording medium data
.not shown . Lineweaver-Burk plot analysis revealed
competitive inhibition of Mn2q entry by extracellular
Ca2q. This inhibitory effect of Ca2q may be due to
partial refilling of the stores by Ca2q andror compe-
tition between Ca2q and Mn2q at Ca2q influx chan-
nels at the plasma membrane.
[ 2q]3.6. Effect of genistein on bradykinin-induced Ca i
increase and Mn2q quenching
To characterize the molecular mechanism underly-
w 2qxing BK-induced Ca increases, we examined thei
effect of a tyrosine kinase inhibitor in CHOMB2-5
cells pre-incubated for 30 min with 100 mM genis-
 .tein in 0.5% dimethyl sulfoxide DMSO or the
 . w 2qxsolvent. The BK 1 mM -induced initial peak Ca i
at 10 s was essentially identical in genistein- and
Fig. 5. Ca2q influx measured as Mn2q entry-induced fluorescence quenching in CHOMB2-5 cells. Decrease in fluorescence intensity at
 .the excitation wavelength of 360 nm was measured in fura-2-loaded cells. 50 ml of 2 mM MnCl final concentration, 200 mM was2
 . 2q  . applied at the times indicated by arrows Mn in 450 ml of Ca -free HPSS A–F . 56 ml of 10 mM BK A–C; final concentration, 1
.  . mM or 10 mM thapsigargin D and E; final concentration, 1 mM was applied at arrowheads. Furthermore, 62 ml of 1 mM LaCl B and3
.  .E; final concentration, 100 mM or 62 ml of 1 mM NiCl C; final concentration, 100 mM were applied during the periods indicated by2
bars.
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 .DMSO-treated control cells: 269"38 nM ns5
 .and 222"47 nM ns5 , respectively. However, the
w 2qxBK-induced sustained Ca increase was partiallyi
 . w 2qxbut significantly suppressed P-0.05 : the Ca i
during the period of 90–300 s after BK application in
genistein-treated cells was as low as 63–87% of the
w 2qx  .Ca level in DMSO-treated cells Fig. 6A , asi
w 2q xFig. 6. Effect of genistein on BK-induced Ca elevation andi
Ca2q influx in fura-2 loaded CHOMB2-5 cells. A. Time-course
w 2q xof BK-induced Ca elevation in cells pre-incubated for 20i
 .  .min with 0.5% DMSO ‘ or 100 mM genistein v . 50 ml of
 .10 mM BK final concentration, 1mM was applied at time 0.
Values are mean of 5 cells. Bars, S.E.M. ), significantly smaller
than the control value at each time point, at P -0.05. B.
w 2q xTime-course of BK-induced Ca elevation in cells preincu-i
 .bated for 20 min with 10 mM daidzein ‘ or 10 mM genistein
 .  .v . 50 ml of 10 mM BK final concentration 1 mM was
applied at time 0. Values are means of 5 cells. Bars, S.E.M. ),
significantly smaller than the control value at P -0.05. C, 56 ml
 . of saline solid line or 1 mM genistein dashed line; final
.concentration, 100 mM was applied at arrow during BK-induced
w 2q x sustained Ca elevation. 50 ml of 1 mM BK final concentra-i
.tion, 100 nM was applied at time 0.
w xnoted in fibroblast cells 24 . The inhibitory effect of
w 2qx10 mM genistein on Ca was reproduced even ini
experiments with 10 mM daidzein, an inactive analog
 .of genistein, as another control Fig. 6B . Genistein
 .100 mM immediately decreased the BK-induced
w 2qxsustained Ca to 73% of the control level fori
 .50–250 s after application Fig. 6C .
The effect of genistein was further examined in
100 nM BK- and 1 mM thapsigargin-induced Mn2q
 .quenching. Genistein 100 mM significantly inhib-
ited both BK- and thapsigargin-induced Mn2q entry
 .  .to 65"8.3% ns4 and 48"10.7% ns3 of the
control level 25.4"1.7 D intensity in arbitrary
.  .unitrmin, ns6 , respectively P-0.05 . Together,
these results suggest that protein tyrosine phosphory-
lation plays a role in BK-induced Ca2q influx, being
 .relatively independent of the Ins 1,4,5 P -induced3
Ca2q mobilization.
3.7. Effect of bradykinin on cyclic AMP le˝els
In order to assess the mode of coupling between
the B receptor and adenylate cyclase, the intra-2
cellular cyclic AMP level was measured in trans-
 .formed CHO cells. BK 100 nM had essentially no
effects on intracellular cyclic AMP levels: 2.6"0.6
 .pmol cyclic AMPrmg protein ns4 in control
CHOMB2-5 cells and 3.1"0.4 pmolrmg protein
 .ns4 in 100 nM BK-treated cells. Furthermore, in
CHOMB2-5 cells activated with 10 mM forskolin,
 .PTx 100 ngrml for 5 h had no effect on both the
basal cyclic AMP level 1760"360 pmolrmg pro-
. tein, n s 4 and BK-treated level 1820 " 250
.pmolrmg protein, ns4 , in agreement with the BK
w xeffect in NG108-15 cells 25 .
4. Discussion
The present study on transformed CHO cell lines
clearly shows that stimulation of the mouse B BK2
receptor subtype in a single cell can induce
 . w 2qxIns 1,4,5 P formation and subsequent Ca in-3 i
creases via Ca2q release from intracellular stores and
influx of extracellular Ca2q. This process was essen-
tially PTx-insensitive, suggesting that extrinsic mouse
B receptors are coupled to the endogenous G2 qr11
type of GTP binding protein, rather than to G or G ,i 0
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w xwhich are known to be present in CHO cells 26 .
Since the intracellular cyclic AMP level was not
changed by BK, B receptors are unlikely to couple2
to adenylate cyclase via G or G . Furthermore, BK-s i
induced Ca2q signaling in our transfected CHO cells
seems to have no cross talk with Ca2qrcalmodulin
signalling on the adenylate cyclase, as shown in
w xsmooth muscle cells 27 .
Stimulation of B receptors expressed in CHO2
 .cells resulted in a complex profile of Ins 1,4,5 P3
accumulation, with a rapid increase followed by a
sustained elevation. This type of pattern has been
reported in muscarinic acetylcholine M3 receptor
stimulation in human neuroblastoma cells, where the
2q w xplateau phase was dependent upon Ca entry 28 .
However, the InsP accumulation pattern in3
CHOMB2-5 cells does not precisely mimic that found
in original NG108-15 cells. In NG108-15 cells, BK
stimulates phospholipase C with the same timeß
course, irrespective of the presence or absence of
2q w xextracellular Ca 17 , suggesting that no secondary
breakdown of PIP occurs, following Ca2q release or2
influx of extracellular Ca2q. Therefore the mode of
activation of PLC seems to be cell-specific rather
than receptor-specific.
w 2qxThe BK-induced responses in Ca in trans-i
formed CHO cells essentially mirror the results found
in NG108-15 cells. However, differences between
them were also observed, as described below. BK
w 2qxinduced the biphasic Ca increase with muchi
higher sensitivity in CHOMB2-5 cells than in
 .NG108-15 cells Fig. 1 , the reason for which is
w 2qxpresently unknown. The initial and sustained Ca i
increases were extracellular Ca2q-independent and
-dependent processes, respectively. The BK-induced
w 2qxCa increases were maintained for a period ofi
over 10 minutes in our CHO cells, though such
prolonged increase is not usually observed in NG108-
w 2qx15 cells. This lack of desensitization in Ca in-i
creases has been reported in CHO cells transfected
w xwith a neurotensin receptor gene 29 . The plateau
w 2qxphase in the Ca increase was contributed primar-i
ily by Ca2q entry, as confirmed by the Mn2q influx
through the Ca2q entry pathway, for which Mn2q
and Ca2q are competitive.
Long-lasting influx of external Ca2q seems to be
elicited mostly by depletion of InsP -sensitive Ca2q3
pools evoked by agonist stimulation in our CHO
cells. This idea is supported by the finding that
thapsigargin elicited Ca2q reintroduction-induced
Ca2q influx after Ca2q depletion in the Ca2q pool
 . 2q 3qFig. 3 . The Ca influx process was La - and
Ni2q-sensitive, but insensitive to nitrendipine. These
characteristics are in accordance with so-called ca-
2q w x 2qpacitative Ca influx 20 , rather than Ca influx
through voltage-operated Ca2q channels, which
w xCHO-K1 cells possess 30 . This result of BK action
in CHO cells also differs from that in NG108-15
cells, where BK causes Ca2q influx through voltage-
2q w xoperated Ca channels 21 , one of neuronal proper-
ties.
Judging from Mn2q quench experiments which
showed that BK-produced divalent cation influx oc-
curred immediately after agonist stimulation and
lasted for at least 5 min in the presence of agonist, we
speculate that BK also elicits receptor-operated Ca2q
w xinflux 31 in B BKR-transfected CHO cells. How-2
ever, we were not able to demonstrate directly a
contribution of receptor-operated Ca2q influx in the
w 2qxBK-induced Ca elevation. Recently, in ras-trans-i
formed fibroblast cells, we have obtained some evi-
dence for receptor-operated Ca2q influx produced by
w x 2qBK 32 . BK induces Ca influx which is enhanced
by membrane hyperpolarization and triggered by in-
w x 2qositol-1,3,4,5-tetrakisphosphate 32 . Ca influx due
to activation of InsP -gated cation influx channels in3
plasma membrane, as shown in CHO cells transfected
w xwith substance P receptor cDNA 33 , has been
demonstrated to be an alternative pathway. Therefore,
to ascertain whether B receptors in CHO cells uti-2
lize receptor-operated Ca2q influx, it will be neces-
sary to carry out Ca2q measurements under patch-
clamp conditions with intracellular perfusion of InsP3
 .or inositol tetrakisphosphate InsP .4
w 2qxIt is interesting that the BK-induced Ca eleva-i
tion and Mn2q quenching are affected by genistein in
our transformed CHO cells. Recently, cross talk of
signal transduction has been reported between the
PLC-induced InsP and InsP production pathway3 4
and the tyrosine phosphorylation-induced Ras-mito-
gen-activated protein kinase cascade downstream
from heteromultimeric G protein-coupled receptors
w x34 . Furthermore, it has been reported that the recep-
tor-operatedrInsP -dependent Ca2q influx seems to4
be mediated by Ras-GTPase activating-protein, an
w xInsP binding protein 35 . Thus, it is possible that4
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BK-induced Ca2q influx is regulated at the Ca2q
 .  .influx site channel protein by tyrosine kinase s . On
the other hand, the Ca2q-store-depletion-triggered
2q w xCa influx pathway 23 has been reported to be
w xsensitive to tyrosine phosphorylation 24 . Thus, the
genistein-inhibitable Ca2q influx in the transfected
CHO cells may be due both to store-depletion-in-
duced Ca2q influx and InsP -sensitive receptor-oper-4
ated Ca2q influx as a consequence of B BK receptor2
stimulation.
In conclusion, this study provides the first system-
atic characterization of Ca2q homeostasis modulated
by cloned mouse B receptors stably transfected into2
CHO cells. We have shown that the heterologously
w 2qxexpressed B receptor functions to induce Ca2 i
increases and Ca2q influx with similar effectiveness
to native B receptors. The availability of these2
transformed cells should greatly facilitate further
studies on the role of B receptors in signal transduc-2
tion.
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